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REFACTORING CALL SITES 

BACKGROUND 

Many programming languages provide mechanisms in 
which one or more arguments in a function call can be asso 
ciated with corresponding parameters in a function definition 
by matching each argument position in an argument list with 
the corresponding parameter position in a parameter list. The 
Visual CHR programming language, by Microsoft Corpora 
tion, includes a “named argument feature that enables an 
association between an argument and a parameter to be speci 
fied by associating the argument with the parameter's name 
rather than with the parameter's position in the parameter list. 
This allows arguments to be listed in an order other than the 
corresponding parameter list order. 

Visual C# also includes an optional argument feature, in 
which a function can specify that one or more parameters are 
optional. A default value for each optional parameter is speci 
fied. A call site may omitan argument for any optional param 
eter. The compiler recognizes omitted optional arguments, 
and inserts the specified default value. 

SUMMARY 

This Summary is provided to introduce a selection of con 
cepts in a simplified form that are further described below in 
the Detailed Description. This Summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used to limit the scope of 
the claimed Subject matter. 

Briefly, a system, method, and components operate to 
refactor call sites corresponding to a signature when the sig 
nature changes. The call sites may include named arguments. 
The call sites may omit one or more optional arguments. In 
one embodiment, ordered call sites are refactored by sorting 
the arguments to match the parameter list of the revised sig 
nature. In one embodiment, each unnamed argument that is 
preceded by a named argument is modified to be a named 
argument. Unnamed arguments for which the argument index 
does not match the index of its corresponding parameter in the 
revised signature may be modified to be a named argument. 

In one embodiment, unordered argument lists may be 
refactored by sorting the unnamed arguments that are before 
the first named argument, based on the ordering of the revised 
parameter list. In one embodiment, each unnamed argument 
that is preceded by a named argument is modified to be a 
named argument. Each unnamed argument for which the 
argument index does not match the index of its corresponding 
parameter in the revised signature may be modified to be a 
named argument. 

In one embodiment, new arguments corresponding to new 
parameters may be added to the refactored argument list. If 
the argument list is ordered, new arguments may be posi 
tioned so that the argument list remains ordered. If the argu 
ment list is unordered, new arguments may be appended to the 
end of the argument list. 

In one embodiment, newly added arguments correspond 
ing to newly added optional parameters may be added or 
omitted from the refactored argument list. If added, they may 
use the default value specified for the corresponding param 
eter. If omitted, unnamed arguments that follow them in the 
refactored argument list may be modified to be named argu 
mentS. 

To the accomplishment of the foregoing and related ends, 
certain illustrative aspects of the system are described herein 
in connection with the following description and the annexed 
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2 
drawings. These aspects are indicative, however, of but a few 
of the various ways in which the principles of the invention 
may be employed and the present invention is intended to 
include all Such aspects and their equivalents. Other advan 
tages and novel features of the invention may become appar 
ent from the following detailed description of the invention 
when considered in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Non-limiting and non-exhaustive embodiments of the 
present invention are described with reference to the follow 
ing drawings. In the drawings, like reference numerals refer 
to like parts throughout the various figures unless otherwise 
specified. 
To assist in understanding the present invention, reference 

will be made to the following Detailed Description, which is 
to be read in association with the accompanying drawings, 
wherein: 

FIG. 1 is a block diagram of a computer system in which 
mechanisms described herein may be implemented; 

FIG. 2 is a flow diagram illustrating an example embodi 
ment of a process for modifying call sites corresponding to 
signature changes: 
FIG.3 is a flow diagram illustrating, in further detail, some 

of the actions of the process described by FIG. 8: 
FIG. 4 is a flow diagram illustrating an example embodi 

ment of a process for refactoring an ordered call site; 
FIG. 5 is a flow diagram illustrating an example embodi 

ment of a process for refactoring an unordered call site; 
FIG. 6 illustrates source code that includes examples of 

transformations that may be made to an ordered argument list 
by the mechanisms described herein; 

FIG. 7 illustrates source code that includes additional 
examples of transformations that may be made to an ordered 
argument list by the mechanisms described herein; 

FIG. 8 illustrates source code that includes additional 
examples of transformations that may be made to an unor 
dered argument list by the mechanisms described herein; and 

FIG. 9 shows one embodiment of a computing device, 
illustrating selected components of a computing device that 
may be used to perform functions described herein. 

DETAILED DESCRIPTION 

Example embodiments of the present invention now will 
be described more fully hereinafter with reference to the 
accompanying drawings, which form a parthereof, and which 
show, by way of illustration, specific example embodiments 
by which the invention may be practiced. This invention may, 
however, be embodied in many differentforms and should not 
be construed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the 
Scope of the invention to those skilled in the art. Among other 
things, the present invention may be embodied as methods or 
devices. Accordingly, the present invention may take the form 
of an entirely hardware embodiment, an entirely software 
embodiment or an embodiment combining software and 
hardware aspects. The following detailed description is, 
therefore, not to be taken in a limiting sense. 

Throughout the specification and claims, the following 
terms take the meanings explicitly associated herein, unless 
the context clearly dictates otherwise. The phrase “in one 
embodiment as used herein does not necessarily refer to a 
previous embodiment, though it may. Furthermore, the 
phrase “in another embodiment as used herein does not 
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necessarily refer to a different embodiment, although it may. 
Thus, various embodiments of the invention may be readily 
combined, without departing from the scope or spirit of the 
invention. Similarly, the phrase “in one implementation' as 
used herein does not necessarily refer to the same implemen 
tation, though it may, and techniques of various implementa 
tions may be combined. 

In addition, as used herein, the term 'or' is an inclusive 
“or operator, and is equivalent to the term “and/or unless 
the context clearly dictates otherwise. The term “based on is 
not exclusive and allows for being based on additional factors 
not described, unless the context clearly dictates otherwise. In 
addition, throughout the specification, the meaning of “a. 
“an and “the include plural references. The meaning of 
“in” includes “in and “on. 
As used herein, unless otherwise indicated by the context, 

the term “function” refers to a portion of code within a larger 
program that performs a specific task, and can execute rela 
tively independent of other portions of the program. A func 
tion may, but does not necessarily, return a value. In various 
computer languages, different terms may be used. Such as 
Subroutine, method, procedure, or Subprogram. As used 
herein, the term “function” may include all of these. The term 
“function” may include other types of code entities that 
specify parameters and accept arguments. For example, the 
C# language includes indexers that allow instances of a class 
to be indexed in a manner similar to arrays. 
As used herein, the term "parameter” refers to a program 

variable used in a function to refer to data provided as input to 
the function. A function “signature' includes a parameter list 
that specifies Zero or more function parameters. A parameter 
list may include additional specifications for each parameter, 
Such as the parameter's type, whether the parameter is 
optional, a default value if the parameter is optional, or a 
default value for a newly added parameter. The term “argu 
ment” refers to a piece of data or a reference that is provided 
to the function. A function call may include Zero or more 
arguments in an argument list. A function call is referred to as 
a “call site. In formal computer Science language, the terms 
“formal parameter and “actual parameter correspond to 
"parameter and “argument, respectively, as used herein. 
As used herein, the term "sorting refers to an action of 

rearranging a list of elements to be in a specified order. There 
are various ways of sorting a list of elements, some of which 
sort the elements “in place' and some which create a modified 
copy of the original list. As a result of sorting, one or more 
elements of the sorted list have a different index value than the 
original list. Some techniques of sorting may recognize that 
Some elements do not require a change; however, as used 
herein, the entire list is considered to be sorted. For example, 
changing the list A, B, C, E, D to be in alphabetical order A, 
B, C, D, E may be considered to be a sort of the entire list. A 
list of elements may be sorted to match corresponding ele 
ments in a second list. 
The components described herein may execute from vari 

ous computer-readable media having various data structures 
thereon. The components may communicate via local or 
remote processes such as in accordance with a signal having 
one or more data packets (e.g. data from one component 
interacting with another component in a local system, distrib 
uted system, or across a network Such as the Internet with 
other systems via the signal). Software components may be 
stored, for example, on non-transitory computer-readable 
storage media including, but not limited to, an application 
specific integrated circuit (ASIC), compact disk (CD), digital 
versatile disk (DVD), random access memory (RAM), read 
only memory (ROM), floppy disk, hard disk, electrically 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
erasable programmable read only memory (EEPROM), flash 
memory, or a memory stick in accordance with embodiments 
of the present invention. 
The term computer-readable media as used herein includes 

both non-transitory storage media and communications 
media. Communications media typically embody computer 
readable instructions, data structures, program modules, or 
other data in a modulated data signal Such as a carrier wave or 
other transport mechanism and include any information-de 
livery media. By way of example, and not limitation, com 
munications media include wired media, Such as wired net 
works and direct-wired connections, and wireless media Such 
as acoustic, radio, infrared, and other wireless media. 

FIG. 1 is a block diagram of a computer system 100 in 
which mechanisms described herein may be implemented. 
FIG. 1 is only an example of a suitable system configuration 
and is not intended to Suggest any limitation as to the scope of 
use or functionality of the present invention. Thus, a variety of 
system configurations may be employed without departing 
from the scope or spirit of the present invention. 
As illustrated, system 100 includes program source code 

102, which may be a high level language representation of a 
computer program. Examples of a high level language 
include C-Sharp (C#), C++, Visual Basic, F-Sharp (FH), or 
various other high level languages. LINQ, which is a combi 
nation of a language and a library extension, is another 
example of program source code 102. Program source code 
102 is a representation of a target program that may be edited 
and executed by System 100. A target program may include 
one or more functions. A target program may reside in one or 
more files or other storage representations. A target program 
may include one or more libraries, which may be integrated or 
distributed in a variety of ways. Thus, program source code 
102 may represent a program library or a portion thereof. 
As illustrated, system 100 includes integrated development 

environment (IDE) 108. IDE 108 may include a variety of 
tools that assist a programmer to develop software. In the 
illustrated embodiment, IDE includes editor 110, refactoring 
engine 112, and parser 114. In some configurations, IDE 108 
may include a debugger, class browser, or other development 
tools. Visual Studio(R), by Microsoft Corporation, is an 
example of an IDE that may implement at least some of the 
mechanisms described herein. 

Editor 110 may be a software component that enables a 
user to view, write, or modify source code. Editor 110 may 
include a user interface component that displays source code 
102 and receives input text and commands from a user. Editor 
110 may include a number of features that provide informa 
tion relating to a computer program or portion thereof, facili 
tate editing functions, or the like. In some embodiments, 
editor 110 may include features that indicate syntactical or 
semantic errors, Suggest corrections, or facilitate entering 
correct program code. In various configurations, functions of 
editor 110 may be distributed across multiple components or 
combined with other components of system 100, including 
those not illustrated. 

In the illustrated embodiment, refactoring engine 112 may 
receive signatures 116 from editor 110. Signatures 116 may 
include an original function signature and a revised signature. 
The format for specifying these signatures may vary with 
different implementations. In one embodiment, each signa 
ture may be in the form of a source code statement, orportion 
thereof, as specified by the programming language in use. In 
one embodiment, the revised signature may be represented by 
data indicating modifications to the original signature. Such 
that a revised parameter list, or at least the data relevant to the 
mechanisms herein described, may be constructed. 
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As illustrated, in one embodiment, refactoring engine 112 
may receive call sites 117, which includes one or more call 
sites corresponding to signatures 116. Call sites that are input 
to refactoring engine 112 are referred to as “original call 
sites. The format and mechanism for specifying the call sites 
may vary with different implementations. In one embodi 
ment, each call site may be in the form of a source code 
statement, or portion thereof, as specified by the program 
ming language in use. In one embodiment, an argument list 
may be extracted from each call site and provided to refac 
toring engine 112. In one embodiment, program source code 
102 may be provided to refactoring engine 112; refactoring 
engine 112 may employ parser 114 to analyze the Source 
code, locate each call site corresponding to signatures 116, or 
identify each argument in an argument list. 

In accordance with mechanisms described herein, refac 
toring engine may transform one or more original call sites to 
produce refactored call sites 118, which may be passed to 
editor 110. Editor 110 may update the original call sites with 
the refactored call sites. In some embodiments, editor 110 
may perform additional actions, such as providing a preview 
of each call site or argument list to a user, and selectively 
updating each original call site based on a user selection or 
command. 

In the illustrated embodiment, system 100 includes com 
piler 120, which translates program source code 102 into 
native code 122. Though compiler 120 is illustrated as a 
single component, in various embodiments, it may include 
one or more Subcomponents, and may generate one or more 
intermediate representations of a computer program. For 
example, in one embodiment, compiler 120 may include a 
front end that generates an intermediate language represen 
tation, and a code generator that translates the intermediate 
language representation into native code 122. In one configu 
ration, the system may use just-in-time (JIT) compilation. 
Generally, a JIT compiler employs a mechanism in which an 
intermediate language representation of a program function is 
loaded and translated into a native language representation in 
response to its first invocation. 

Native code 122 may be a machine language, a virtual 
machine language, or another representation that may be 
executed by a physical or virtual processor. Processor 124 
may receive native code 122 and execute program instruc 
tions, to produce execution results 126. In one configuration, 
processor 124 may include one or more central processing 
units, one or more processor cores, an ASIC, or other hard 
ware processing component and related program logic. In one 
configuration, processor 124 may include a software compo 
nent simulating a hardware processing unit. Processor 124 
executes instructions in the native code 122. As used herein, 
the term “runtime' refers to the execution of target program 
instructions, or libraries, assemblies, or executable files that 
interact with the target program. 

Execution results 126 is a logical representation of the 
results of executing the native code 122. The results may 
include one or more of modifications to computer storage or 
computer memory, communication with other processes or 
computing devices, audio or video output, or control of vari 
ous system or external components. 
An example of a use of the refactoring feature may be that 

of a programmer who modifies a function signature, for any 
of a variety of reasons. A programmer may desire to enhance 
the operation of a function, improve the program code, sim 
plify a function, or revise the signature for another reason. 
The programmer may invoke a refactoring feature to assist in 
transforming each call site based on the signature changes. 
Upon previewing refactored call sites 118, the programmer 
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6 
may command the editor to update one or more of the call 
sites or reject them. The programmer may decide to manually 
update one or more call sites rather than accept the proposed 
transformations. 

System 100 may be a subsystem of a development system. 
A development system may include one or more computing 
devices that are used by a program developer or a user as part 
of a program development, testing, or documentation pro 
cess. The components of system 100 may be distributed 
among one or more computing devices, each of which may 
communicate with the others by employing one or more of 
various wired or wireless communication protocols such as 
IP, TCP/IP, UDP, HTTP SSL, TLS, FTP, SMTP, WAP, Blue 
tooth, WLAN, or the like. 
A computing device may be a special purpose or general 

purpose computing device. Example computing devices 
include mainframes, servers, blade servers, personal comput 
ers, portable computers, communication devices, consumer 
electronics, or the like. FIG. 9 illustrates an example embodi 
ment of a computing device that may be used to implement 
system 100. 

FIG. 2 is a flow diagram illustrating an example embodi 
ment of a process 200 for modifying call sites corresponding 
to signature changes. In one embodiment, Some of the actions 
of process 200 are performed by components of computer 
system 100 of FIG. 1. 
The illustrated portions of process 200 may be initiated at 

block 202, where an original signature and a revised signature 
may be received. In one embodiment, refactoring engine 112 
may receive signatures 116 from editor 110, as illustrated in 
FIG 1. 
The process may flow to block 204, where one or more call 

sites corresponding to the signatures are received. In one 
embodiment, refactoring engine 112 or another component 
may parse program source code 102 to locate and extract each 
call site. 
The process may flow to block 206, where one or more of 

the received call sites may be refactored, in accordance with 
at least some of the mechanisms described herein. FIG. 3 
illustrates an example embodiment of a process for refactor 
ing call sites, and may therefore be included within block 206. 
The process may flow to block 208, where one or more 

refactored call sites may be provided. For example, refactor 
ing engine 112 may provide refactored call sites 118 to editor 
110, though in Some implementations another component 
may receive and process the refactored call sites. 
The process may flow to block 210, where a review of the 

refactored call sites by a user may be enabled. A review may 
provide various mechanisms for accepting, rejecting, or 
modifying each refactored call site. The process may flow to 
block 212, where each refactored call site may be selectively 
applied, based on the user selections. Applying the changes 
may include modifying program source code 102, a copy 
thereof, or another data structure or file that stores call sites 
data. The process may flow to done block 214, and exit or 
return to a calling program, Such as an editing module of 
editor 110. 

In one configuration, the actions of blocks 210 and 212 
may be performed by editor 110, and the actions of blocks 
202-208 may be performed by refactoring engine 112. How 
ever, in various implementations, the actions of process 200 
may be distributed differently among editor 110, refactoring 
engine 112, or other components of system 100, including 
those that may not be illustrated in FIG. 1. 
Though the actions of process 200 are presented in discrete 

blocks, in various implementations they may be combined in 
various orders or intermixed in a variety of ways, including 
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actions that are performed concurrently by one or more 
threads. Thus, FIG. 2 provides a description of an example 
embodiment, but implementations may vary. 

FIG. 3 is a flow diagram illustrating an example embodi 
ment of a process 300 for revising call sites corresponding to 
a signature change. Process 300, or a variation thereof, may 
perform at least some of the actions of block 206, of FIG. 2. 
Process 300 may be initiated at loop 302, which iterates for 
each call site corresponding to a specified signature change. 
In the illustrated embodiment, loop 302 includes blocks 304 
310, and is terminated by block 312. Within each iteration of 
loop 302, a call site being processed is referred to as the 
“current call site.” 
At block 304, a determination may be made of whether the 

argument list of the current call site is ordered, based on the 
original signature. In one implementation, a call site may be 
considered ordered if all of the arguments in its argument list 
are in the same order as the corresponding parameters in the 
original signature parameter list, even though one or more 
arguments may be omitted. An ordered call site may, but does 
not necessarily, include one or more named arguments. If an 
argument list is ordered and does not include any named 
arguments, then each of its arguments is matched to its cor 
responding parameter by position. For example, the third 
argument corresponds to the third parameter in the parameter 
list. FIG. 6 includes examples of argument lists that are 
ordered. FIG. 7 includes examples of argument lists that are 
not ordered. 
The process may flow to decision block 306, where a flow 

decision is made based on the determination of block 304. If 
it is determined that the argument list is ordered, the process 
may flow to block 308, where the call site is refactored. FIG. 
4 illustrates an example embodiment of a process for refac 
toring an ordered call site. The process may flow to end loop 
block 312, and selectively perform another iteration of loop 
302, based on whether there is at least one call site remaining 
to be processed. Upon exiting loop 302, the process may flow 
to done block 314, and exit or return to a calling program, 
such as process 200. 

If, at decision block 306, it is determined that the current 
call site is unordered, the process may flow to block 310, 
where the call site is refactored. FIG.5 illustrates an example 
embodiment of a process for refactoring an unordered call 
site. The process may flow to end loop block 312, and con 
tinue as described above. 

FIG. 4 is a flow diagram illustrating an example embodi 
ment of a process 400 for refactoring an ordered call site. 
Process 400, or a variation thereof, may performat least some 
of the actions of block 308, of FIG. 3. In the discussion that 
follows, references are made to FIGS. 6 and 7, which provide 
examples of results that may be obtained by performing at 
least portions of process 400. FIG. 6 illustrates an example set 
600, including an example original signature 602 and revised 
signature 604. It also includes example original call sites 606, 
610, 614, and 620, each having one or more corresponding 
refactored call sites. 

Process 400 may be initiated at block 402, where argu 
ments corresponding to deleted parameters are removed from 
the argument list. The process may flow to block 404, where 
new arguments, corresponding to newly added parameters, 
may be added to the argument list. In one embodiment, an 
argument corresponding to a newly added optional parameter 
may be omitted from this action. In one embodiment, a sys 
tem may be configured by a user to indicate whether to 
include or omit new arguments during process 400. 
The process may flow to block 406, where the arguments in 

the argument list are sorted to match the ordering of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
parameter list in the revised signature. This action may 
include actions such as matching each original argument that 
survived the removal of block 402 with its corresponding 
parameter, matching each newly added argument with its 
corresponding parameter, iterating over each parameter in the 
revised signature in order, and appending the corresponding 
argument, if it exists, into a modified argument list. Optional 
arguments that were absent in the original argument list may 
be excluded from this action. The result may be an ordered 
argument list that matches the ordering of the revised param 
eter list, though one or more optional arguments may be 
omitted. 

In FIG. 6, revised signature 604 indicates that parameter Pc 
has been deleted from original signature 602. There are no 
newly added parameters. Modified call site 608 illustrates a 
result of the actions of blocks 402,404, and 406 on original 
call site 606. Similarly original call sites 610, 614, and 620 
may be transformed into modified call sites 612, 616, and 
622, respectively, by deleting the argument corresponding to 
parameter Pe and sorting the remaining arguments to match 
the parameter order of revised signature 604. It is to be noted 
that original call site 610 has omitted the optional argument 
corresponding to optional parameter Pb; original call site 620 
has omitted the optional argument corresponding to optional 
parameter Pe. In some configurations, each of these optional 
arguments may be included in a modified call site. 

Original call sites 606 and 620 include an argument list in 
which all arguments are bound to their corresponding param 
eters by position. Original call sites 610 and 614 include one 
or more arguments that are boundby position and one or more 
arguments that are bound to their corresponding parameters 
by name. However, all of the original example call sites in 
FIG. 600 are ordered, and all remain ordered after sorting. 

Returning to FIG.4, process 400 may flow from block 406 
to loop 408, which iterates for each unnamed argument, in 
order beginning with the first argument. In the illustrated 
embodiment, loop 408 includes blocks 410-414, and is ter 
minated by block 416. Within each iteration of loop 408, an 
argument being processed is referred to as the "current argu 
ment. 
At decision block 410, a determination is made of whether 

a named argument precedes the current argument in order, in 
the current argument list. Though the determination is found 
to be affirmative if any named argument precedes the current 
argument, the logic of process 400 allows a determination of 
whether the immediately preceding argument is named to 
Suffice. In one implementation, during the first iteration of 
loop 408 in which a named argument is found, a flag may be 
set that indicates all Succeeding arguments are to be deter 
mined as having a preceding named argument. 

If, at decision block 410, it is determined that at least one 
named argument precedes the current argument, the process 
may flow to block 414, where the current argument is modi 
fied to be a named argument. In one configuration, this may 
include inserting the name of the parameter that corresponds 
to the current argument. In FIG. 6, original call site 614 is first 
changed to modified call site 616 as described above. The 
actions of loop 408 and multiple applications of block 414 
result in modified call site 618, where the argument “hello.” 
corresponding to parameter Pb, and the argument "bye.” cor 
responding to parameter Pd, have been changed to be named 
arguments. 
The determination of decision block 410 and the actions of 

block 414 apply the syntax of some languages, such as C#, in 
which arguments that follow a named argument must be 
named arguments. However, in a configuration in which Such 
a language requirement is not present, or the system is con 
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figured to not enforce the language requirement, the actions 
of decision block 410 may be omitted, allowing an unnamed 
argument to follow a named argument. 
The process may flow from block 414 to block 416, and 

selectively perform another iteration of loop 408, based on 
whether there are unnamed arguments remaining to be pro 
cessed. Upon exiting loop 408, the process may flow to done 
block 418, and exit or return to a calling program, Such as 
process 300. 

If, at decision block 410, it is determined that no named 
arguments precede the current argument, the process may 
flow to decision block 412, where a determination is made of 
whether the index of the current argument in the argument list 
is equivalent to the index of the corresponding parameter in 
the parameter list of the revised signature. If an equivalent 
match is not found, the process may flow to block 414, where 
the current argument is modified to be a named argument. The 
process may flow to block 416, and continue as described 
above. If, at decision block 412, it is determined that the 
argument index and the corresponding parameter index are 
equivalent, the process may flow to block 416, and continue 
as described above. 

In the description of FIG.4, reference is made to modifying 
or changing arguments, or to leaving arguments unchanged or 
unmodified. In some embodiments, a modification of an argu 
ment list may include generating a modified copy of the 
argument list. An argument that is not modified may be copied 
into the modified copy. This is referred to as maintaining the 
argument in its existing form. In one embodiment, each 
named argument is maintained as a named argument. Modi 
fying an argument may be implemented by generated a modi 
fied copy of the argument in the modified argument list. It is 
to be understood that modifying an argument does not nec 
essarily include modifying the original argument list. This 
terminology is applicable to the various processes or actions 
throughout herein. 

In modified call site 608, the indices of the arguments, in 
order, are 1, 2, 3, and 4. The corresponding parameter in the 
revised parameter list, Pa, Pe, Pb, and Pd, respectively, have 
indices of 1,2,3, and 4. Therefore, when processing modified 
call site 608, a match of the argument index and parameter 
index is found for each argument, and process 400 flows from 
decision block 412 to block 416 for each iteration. 

In modified call site 622, argument 1 has an index of one 
and matches the index of the corresponding parameter Pa. 
Argument “hello' has an index of two, but does not match the 
index of the corresponding parameter Pb, which has an index 
of three. Therefore, when argument “hello” is the current 
argument, decision block 412 determines a non-match, the 
process may flow to block 414, and argument “hello” is 
changed to be a named argument. In the next iteration of loop 
408, in which the argument “bye' is the current argument, 
decision block 410 may determine that a named argument 
(the modified argument Pb:“hello') precedes the current 
argument, causing block 414 to change the argument "bye to 
a named argument Pd:"bye'. It is to be noted that, in an 
embodiment in which decision block 410 is not applied, or in 
which decision block 412 precedes decision block 410 in the 
process, process 400 may determine that the index of the 
argument "bye' does not match its corresponding parameter 
index, and change it to a named argument for this reason. 
The examples of FIG. 6 illustrate an example signature 

change that does not include a newly added parameter. FIG. 7 
illustrates an example set 700, including an original signature 
702 and revised signature 704. Revised signature 704 
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10 
includes two new parameters, Pd and Pe. Also, the positions 
of the parameters Pb and Pc are reversed from the original 
signature 702. 

In FIG.7, example original call sites 706, 710, 716, and 722 
are each ordered and have one or more corresponding modi 
fied call sites. Call site 706 includes three arguments that are 
bound to their corresponding parameters by position. Modi 
fied call site 708 illustrates a result of performing process 400 
to modify call site 706. As illustrated, arguments “ddd” and 
50 are added, corresponding to new parameters Pd and Pe. 
respectively, and each having the default value specified in 
revised signature 704. Modified call site 708 illustrates 
changes that may be made as a result of performing actions of 
blocks 404 and 406. In the illustrated example, there are no 
unnamed arguments that have a preceding named argument, 
and no unnamed arguments that have an index value not 
matching the corresponding parameter index. Therefore, no 
additional changes occur as a result of performing loop 408. 

Modified call site 712 illustrates changes made to call site 
710 as a result of performing actions of blocks 404 and 406. 
In the iteration of loop 408 in which the argument “ddd' is the 
current argument, no changes are made. In the iteration of 
loop 408 in which the argument “bbb' is the current argu 
ment, a preceding named argument is found, and therefore at 
block 414 the argument “bbb' is changed to a named argu 
ment, Pb:“bbb.” Similarly, the newly added argument 50 is 
changed to a named argument, Pe:50, as shown in modified 
call site 714. As illustrated in FIG. 4, in one implementation, 
loop 408 iterates for each unnamed argument. Thus, argu 
ments that are already named may be excluded from process 
ing by the determinations of decision blocks 410 and 412. 

Modified call site 718 illustrates changes made to call site 
716 as a result of performing actions of blocks 404 and 406. 
In this example, the first argument, Pa:1, is named. Therefore, 
processing loop 408 causes each Succeeding unnamed argu 
ment, specifically the newly added arguments “ddd' and 50. 
to be changed to a named argument, as shown in modified call 
Site 720. 

Original call site 722 shows an example in which an 
optional argument, corresponding to the parameter Pa, is 
omitted. Some programming languages require that optional 
parameters be located after required parameters in a param 
eter list. Some programming languages, such as C#, allow 
optional parameters to precede required parameters. Original 
signature 702, revised signature 704, and original call site 722 
provide an example in which an optional parameter precedes 
a required parameter. After inserting new arguments and sort 
ing, there are four arguments, as shown in modified call site 
724. In this example, the newly added argument “ddd is the 
current argument in the first iteration of loop 408, and deci 
sion block 412 may determine that the argument index (1) 
does not match the corresponding parameterindex (2). There 
fore, at block 414, the argument is changed to a named argu 
ment, Pd:"ddd'. Each Succeeding unnamed argument, spe 
cifically the newly added argument 50 may be found to follow 
a named argument, and may also be changed to a named 
argument, as shown in modified call site 726. 

FIG. 5 is a flow diagram illustrating an example embodi 
ment of a process 500 for refactoring an unordered call site. 
Process 500, or a variation thereof, may perform at least some 
of the actions of block 310, of FIG. 3. In the discussion that 
follows, references are made to FIG. 8, which provides 
examples of results that may be obtained by performing at 
least portions of process 500. FIG. 8 illustrates an example set 
800, including an original signature 802 and revised signature 
804. It also includes example original call sites 806 and 812, 
each having one or more corresponding modified call sites. 
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Process 500 may be initiated at block 502, where argu 
ments corresponding to deleted parameters are removed from 
the argument list. The process may flow to block 504, where 
a proper Subset of the arguments in the original argument list 
may be sorted. More specifically, in one embodiment, the 
arguments in the original argument list that come before the 
first named argument are sorted to match the ordering of the 
parameter list in the revised signature. During processing of 
the example original call site 806, the third argument, 3, is 
removed from the argument list. This leaves three arguments, 
1, “bbb,” and “ddd that come before the first named argu 
ment, Pf:fff.” These three arguments are sorted to match the 
ordering of their corresponding parameters, Pa, Pb, and Pd, 
respectively, as they appear in revised signature 804. Thus, 
modified call site 808 contains these three arguments in the 
order 1, “ddd, and “bbb.” 
The process may flow to block 506, where arguments cor 

responding to newly added parameters are appended to the 
end of the argument list as named arguments. In the example 
modified call site 808, the arguments Pg:“ggg and Ph:“hhh' 
are appended to the argument list. These arguments derive 
their values from the default values specified in revised sig 
nature 804. As noted at block 404, arguments corresponding 
to newly added optional parameters may be omitted from a 
modified call site in Some configurations. 

Process 500 may flow from block 506 to loop 508, which 
iterates for each unnamed argument, in order beginning with 
the first argument. In one embodiment, the actions and flow of 
loop 508 are substantially similar to that of loop 408 of FIG. 
4, and the description of loop 408 provided herein applies to 
loop 508. The description of loop 408 and blocks 410, 412, 
414, and 416 apply to loop 508, 510, 512, 514, and 516, 
respectively. In Summary, each unnamed argument is 
changed to a named argument if a preceding argument is 
named or if the argument index does not match the corre 
sponding parameter index. 

In modified call site 808, argument 1 has an index of one 
and matches the index of the corresponding parameter Pa. 
Argument “ddd has an index of two, but does not match the 
index of the corresponding parameter Pd, which has an index 
of three in the revised signature. Therefore, when argument 
“ddd is the current argument, decision block 512 determines 
a non-match, the process may flow to block 514, and argu 
ment “ddd is changed to a named argument. In the next 
iteration of loop 508, in which the argument “bbb' is the 
current argument, decision block 510 may determine that a 
named argument (the modified argument Pd:“ddd') precedes 
the current argument, causing block 514 to change the argu 
ment to a named argument Pb:“bbb'. As discussed for pro 
cess 400, in some embodiments, decision block 512 may be 
reached and determine that the index of the argument “bbb' 
does not match its corresponding parameter index, resulting 
in a change to a named argument for this reason. 

In the example of original call site 812, after removing the 
argument Pe:3 corresponding to deleted parameter Pe, and 
appending the two new arguments, only the first argument 
remains as an unnamed argument. It remains unnamed after 
an iteration of loop 508. It is to be noted that in this example, 
the argument list of modified call site 814 is ordered with 
respect to revised signature 804, and each argument index 
matches the corresponding parameter index. However, the 
illustrated embodiment of process 500 does not change any of 
the named arguments to unnamed arguments; arguments 
bound by name remain bound by name and are not changed to 
binding by position, even when that is possible. Various 
embodiments may adhere to different policies with respect to 
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12 
handling of existing named arguments, placement of new 
arguments, or other actions described herein. 
FIG.9 shows one embodiment of a computing device 900, 

illustrating selected components of a computing device that 
may be used to implement system 100 or perform functions 
described herein, including processes 200, 300, 400, or 500. 
Computing device 900 may include many more components 
than those shown, or may include less than all of those illus 
trated. Computing device 900 may be a standalone computing 
device or part of an integrated system, Such as a blade in a 
chassis with one or more blades. 
As illustrated, computing device 900 includes one or more 

processors 902, which perform actions to execute instructions 
of various computer programs. In one configuration, each 
processor 902 may include one or more central processing 
units, one or more processor cores, one or more ASICs, cache 
memory, or other hardware processing components and 
related program logic. As illustrated, computing device 900 
includes an operating system 904. Operating system 904 may 
be a general purpose or special purpose operating system. The 
Windows(R family of operating systems, by Microsoft Cor 
poration, of Redmond, Wash., are examples of operating sys 
tems that may execute on computing device 900. 
Memory and storage 906 may include one or more of a 

variety of types of non-transitory computer storage media, 
including volatile or non-volatile memory, RAM, ROM, 
Solid-state memory, disk drives, optical storage, or any other 
medium that can be used to store digital information. 
Memory and storage 906 may store one or more compo 

nents described herein or other components. In one embodi 
ment, memory and storage 906 stores the software compo 
nents of system 100, or a portion thereof. The illustrated 
example components are program source code 102, editor 
110, refactoring engine 112, signatures 116, call sites 117. 
and refactored call sites 118, though more or less components 
may be stored in memory and storage 906. Any one or more 
of these components may be moved to different locations in 
RAM, non-volatile memory, or between RAM and non-vola 
tile memory by operating system 904 or other components. 

Computing device 900 may include a video display adapter 
912 that facilitates display of program code or other informa 
tion to a user. Though not illustrated in FIG. 9, computing 
device 900 may include a basic input/output system (BIOS), 
and associated components. Computing device 900 may also 
include a network interface unit 910 for communicating with 
a network. Software components of system 100 may be 
received via transitory media and network interface unit 910. 
Computing device 900 may include one or more display 
monitors 914. Embodiments of computing device 900 may 
include one or more input devices 916, such as a keyboard, 
pointing device, audio component, microphone, Voice recog 
nition component, or other input/output mechanisms. 

It will be understood that each block of the flowchart illus 
tration of FIGS. 2-5, and combinations of blocks in the flow 
chart illustration, can be implemented by software instruc 
tions. These program instructions may be provided to a 
processor to produce a machine. Such that the instructions, 
which execute on the processor, create means for implement 
ing the actions specified in the flowchart block or blocks. The 
Software instructions may be executed by a processor to pro 
vide steps for implementing the actions specified in the flow 
chart block or blocks. In addition, one or more blocks or 
combinations of blocks in the flowchart illustrations may also 
be performed concurrently with other blocks or combinations 
of blocks, or even in a different sequence than illustrated 
without departing from the scope or spirit of the invention. 
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The above specification, examples, and data provide a 
complete description of the manufacture and use of the com 
position of the invention. Since many embodiments of the 
invention can be made without departing from the spirit and 
Scope of the invention, the invention resides in the claims 
hereinafter appended. 

What is claimed as new and desired to be protected by 
Letters Patent of the United States is: 

1. A computer-based method of modifying a call site hav 
ing an argument list with at least one argument, based on a 
first signature having a first parameter list with at least one 
parameter and a second parameter list with a second param 
eter list, the method comprising: 

a) selectively sorting at least a portion of the argument list 
based on the second parameter list; and 

b) for each argument of the argument list, performing 
actions including: 
i. if the argument is unnamed, selectively modifying the 

argument to be a named argument; and 
ii. if the argument is named, maintaining the argument as 

named. 
2. The computer-based method of claim 1, selectively sort 

ing comprising Sorting arguments that do not have a named 
argument preceding them in the argument list. 

3. The computer-based method of claim 1, selectively sort 
ing comprising: 

a) if the argument list is ordered based on the first param 
eter list, reordering the argument list to match the second 
parameter list; and 

b) if the argument list is not ordered based on the first 
parameter list, reordering a portion of the argument list 
to match the second parameter list. 

4. The computer-based method of claim 1, selectively 
modifying the argument comprising selectively modifying 
the argument based on whether the argument index matches 
an index of a corresponding parameter of the second param 
eter list. 

5. The computer-based method of claim 1, selectively 
modifying the argument comprising selectively modifying 
the argument based on whether another argument preceding 
the argument is named. 

6. The computer-based method of claim 1, further compris 
ing adding a new argument at a position in the argument list 
based on whether the argument list is ordered based on the 
first parameter list. 

7. The computer-based method of claim 1, further compris 
ing determining whether a new argument is to be named 
based on whether the argument list is ordered based on the 
first parameter list. 

8. The computer-based method of claim 1, further compris 
ing inserting a new argument in the argument list and deter 
mining whether the new argument is to be named based on 
one or more arguments that precede the new argument in the 
argument list. 

9. The computer-based method of claim 1, the second 
parameter list includes an optional parameter that does not 
have a corresponding parameter in the first parameter list, the 
method further comprising omitting an argument correspond 
ing to the optional parameter from the argument list. 

10. A computer-based system for modifying a call site 
having an argument list with at least one argument, based on 
a first signature having a first parameter list and a second 
signature having a second parameter list, the system compris 
ing: 

a) a refactoring engine configured to perform actions 
including: 
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14 
i. determining whether the argument list is ordered based 

on the argument list and the first parameter list; 
ii. if the argument list is ordered, Sorting the argument 

list based on the second parameter list; 
iii. if the argument list is unordered, sorting a proper 

Subset of the argument list, based on the ordering of 
the second parameter list; 

iv. selectively modifying each argument to be a named 
argument based on whether an index of the argument 
is equivalent to an index of a corresponding parameter 
in the second parameter list; 

V. Selectively modifying each argument to be a named 
argument based on whether a preceding argument is 
named; and 

vi. Selectively adding new arguments as named argu 
ments based on whether the argument list is ordered; 
and 

b) at least one processor configured to execute program 
instructions that implement the refactoring engine. 

11. The computer-based system of claim 10, the argument 
list including a first argument bound to a corresponding 
parameter of the first parameter list by position and a second 
argument bound to a corresponding parameter of the first 
parameter list by name. 

12. The computer-based system of claim 11, the actions 
further comprising: 

a) if the argument list is ordered, generating a modified 
argument list with new arguments in a position corre 
sponding to a position of the corresponding parameters 
in the second parameter list; and 

b) if the argument list is unordered, generating a modified 
argument list by appending new arguments to the argu 
ment list. 

13. The computer-based system of claim 11, further com 
prising selecting the proper Subset to be a Subset of arguments 
preceding a first-ordered named argument. 

14. The computer-based system of claim 11, selectively 
modifying each argument comprising selectively modifying 
the argument based on whether an optional argument is omit 
ted from the argument list and based on an index of a param 
eter in the second parameter list corresponding to the optional 
argument. 

15. A computer-readable hardware storage medium com 
prising computer program instructions for modifying an 
argument list having at least one argument, the program 
instructions executable by one or more processors to perform 
actions including: 

a) receiving a first parameter list and a revised parameter 
list; 

b) selectively sorting at least a portion of the argument list 
based on the revised parameter list; and 

c) selectively modifying each unnamed argument of the 
argument list to be a named argument, based on whether 
another named argument precedes the unnamed argu 
ment or whether an index of the unnamed argument 
matches an index of a corresponding parameter of the 
revised parameter list. 

16. The computer-readable hardware storage medium of 
claim 15, the actions further comprising determining whether 
a new argument is to be named based on whether the argu 
ment list is ordered based on the first parameter list. 

17. The computer-readable hardware storage medium of 
claim 15, the actions further comprising modifying each 
unnamed argument that follows an omitted argument to be a 
named argument. 

18. The computer-readable hardware storage medium of 
claim 15, the first parameter list and the revised parameter list 
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are included in a source code represented in C#, the actions 
further comprising if the argument list is ordered based on the 
first parameter list and omits an optional argument, generat 
ing a refactored argument list that is ordered based on the 
revised parameter list. 5 

19. The computer-readable hardware storage medium of 
claim 15, the actions further comprising displaying a modi 
fied argument list to a user and selectively inserting the modi 
fied argument list into a program source code based on an 
input from the user. 10 

20. The computer-readable hardware storage medium of 
claim 15, the revised parameter list including a new parameter 
and a specification of a corresponding default value, the 
actions further comprising adding a new argument having the 
corresponding default value. 15 
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